In minimal medium at 300C, growth of Pseudomonas fluorescens was stimulated when the pressure (p) of C02 in solution was 100 mm of Hg, but at higher concentrations the growth rate declined linearly with increasing PCO2. All concentrations of C02 were inhibitory for growth in complex medium, and at 30°C the maximum degree of inhibition was attained when PCO2 was 250 mm of Hg. The degree of inhibition at a constant PCO2 in solution increased with decreasing temperature. The degree of inhibition was directly proportional to temperature for growth in complex medium, but not in minimal medium. The inhibition of cell respiration by C02 was the same whether cells had been grown in air or in the presence of C02, indicating that adaptive enzyme synthesis does not occur in response to C02.
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Carbon dioxide can both stimulate and inhibit growth of microorganisms (12) . Stimulation of growth occurs because some anabolic reactions involve C02 fixation and, in the absence of an external source of the gas, C02 concentration in the cell can be rate limiting for these reactions, with resultant decreased growth rates (7) . The basis of CO2 inhibition has not been clearly established. Some reported inhibitory effects may have resulted from reduction of media pH, but a direct effect of C02 undoubtedly occurs (2) .
The inhibitory effects of C02 have been exploited in the extension of storage life of fresh fruit and meat (9, 11) . The increasing use of vacuum packages for preservation of fresh meat has stimulated renewed interest in the effect of C02 on development of spoilage floras at chill temperatures (-2 to 50C). Although most workers observed significant extensions of storage life in atmospheres containing 10 to 20% C02, the detailed results are somewhat conflicting (1, 4, 8, 10) . These differences may be the result of differences in the composition of the spoilage floras, but they could also arise because of poor definition of the conditions to which the bacteria were exposed. Bacteria respond to the concen The inoculum was taken from a continuous culture growing under glucose limitation at the maximum dilution rate obtainable with the conditions of temperature, pH, and medium composition which were to be used in the experiment. Growth rates were determined from the increase in optical density at 550 nm (ODR-,) of cultures growing in a magnetically stirred vessel of a 500-ml working volume, fitted with Radiometer (Copenhagen) CO2 and pH electrodes, and a New Brunswick (New Brunswick Scientific Co., New Brunswick, N.J.) oxygen electrode for continuous monitoring of pH, the pressure (p) of C02, and PO2 in the liquid phase.
Mixtures of 02, N2, and CO2 were prepared by adjusting the flow rates of these gases to a 5-liter vessel, where they were mixed before passing to the culture vessel at 200 ml/min. The oxygen concentration of the gas was maintained at 10% (vol/vol) throughout the experiments. The medium was equilibrated with the gas mixture, and the pH was adjusted to the required value by addition of 2 N NaOH before inoculating with sufficient cell suspension to give an initial ODmo of about 0.1.
Oxygen consumption. The respiration of washed cell suspensions was measured in an oxygen electrode cell with a volume of 1.9 ml, using a Beckman oxygen 238 GILL AND TAN analyzer (model 777) connected to a chart recorder (Hitachi QD 25).
The cell was maintained at 30°C and filled with 10 mM phosphate buffer or with C02-bicarbonate buffer in equilibrium with a gas phase of 80% C02-20% 02, which was diluted with phosphate buffer when filling the cell, to give the required CO2 concentrations. Both buffers were at pH 7.0. Cell suspensions (0.05 ml) and substrate solutions (0.1 M, 0.1 ml) were injected into the sealed cell as required.
RESULTS
Addition of CO2 to cultures growing at 30°C in either minimal or complex medium caused an immediate reduction in growth rate. This initial inhibition increased with increasing C02 concentration, and in minimal medium a lag phase was induced at the highest C02 concentration used (450 mm of Hg). Over a period, which lengthened with increasing C02 concentration, growth rates rose to constant values lower than the growth rates in air, except for cells growing in minimal medium, which attained a higher growth rate with low CO2 concentrations (<100 mm of Hg) than they did in air. Low concentrations of C02 produced a large decrease of the steady growth rate of cultures in complex medium (Fig. 1) . With higher C02 concentrations the growth rates in minimal medium decreased linearly with increasing C02 concentration, but in complex medium maximum inhibition was attained with a C02 concentration of 250 mm of Hg (Fig. 2) .
The inhibitory effect of CO2 became more pronounced with decreasing temperature. In complex medium the degree of inhibition increased linearly with decreasing temperature, but in minimal medium the effect of temperature was greatest in the middle of the growth tem-APPL. ENVIRON. MICROBIOL. perature range (Fig. 3) . At (Fig. 4) 
